CORRECTED 
VERSION* 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 17A2 



Al 



(11) International Publication Number: WO 98/17183 

(43) International Publication Date: 30 April 1998 (30.04.98) 



(21) International Application Number: PCT/US97/19517 

(22) Internationa! Filing Date: 24 October 1997 (24.10.97) 



(30) Priority Data: 
08/736,896 



25 October 1996 (25.10.96) US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Application 

US 08/736,896 (CON) 

Filed on 25 October 1996 (25.10.96) 



(71) Applicant (for all designated States except US): TARGET 

THERAPEUTICS, INC. [US/US]; 47201 Lakeview Boule- 
vard, Fremont, CA 94538 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KEN, Christopher. G„ 
M. [US/US]; 652 West Hillsdale Boulevard, San Mateo. 
CA 94403 (US). ACHARYA, Abhijit [US/US]; 13773 
Lexington Court, Saratoga, CA 95070 (US). 

(74) Agents: WHEELOCK, E„ Thomas et al.; Morrison & Foerster 
LLP, 755 Page Mill Road, Palo Alto, CA 94304-1018 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU» CZ, DE, DK, EE, ES, FI, GB t GE, 
GH, HU, ID, IL, IS. JP, KE, KG, KP, KR. KZ, LC, LK. 
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, UA, UG, US, UZ, VN, YU. ZW, ARIPO patent (GH, 
KE, LS. MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, DE, DK, ES, FI. FR, GB, GR, IE. IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: DETACHABLE MULTIDIAMETER VASOOCCLUSIVE COIL 




(57) Abstract 

A vasoocclusive helical coil having a proximal end that carries a coupling member for attaching the coil to the distal end of a wire 
and a proximal winding that has a smaller diameter than adjacent windings whereby the proximal end of the coil is positioned radially 
inwardly of the main body of the coil. 



♦(Referred to in PCT Gazette No. 38/1998, Section 10 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HTJ 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/17183 



PCT/US97/19517 



DETACHABLE MULTffilAMETER VASOOCCLUSIVE COIL 
TECHN IC AL FIELD 

This invention is in the field of vasoocclusion devices. More particularly it relates to a 
helical vasoocclusion coil one end of which is adapted to be detachably connected to a wire 
5 and in which the helix winding at that end has a smaller diameter than the adjacent windings. 

B ACKGROUND 

Vasoocclusion devices are surgical instruments that are placed within vessels, typically 
via a catheter, to block the vessel or to fill a vascular cavity such as an aneurysm. One type of 
vasoocclusion device is in the form of a helical wire coil. See U. S. Patent No. 4,994,069. 

10 The coil may be placed at the desired site in several ways. One involves loading the coil into 

the lumen of a catheter whose distal end is located at the site. The coil is then advanced 
through the catheter lumen using a pusher and expelled from the distal end of the catheter. 
Another involves detachably coupling the coil to the distal end of a wire, advancing the 
assembly to the site using a catheter, and uncoupling the coil from the wire at the site. U. S. 

15 Patents Nos. 5,234,437; 5,250,071; 5,261,916; 5,304,195; 5,312,415; and 5,350,397 describe 

coils that are detachably coupled to a wire. 

Detachable coils carry a member on their proximal end that detachably engages or 
interlocks with a member on the distal end of the wire. A problem experienced with such 
coils is that the member carried on the coil is oriented tangentially to the helical diameter of 

20 the coil. As such, when the coil is decoupled, the member extends tangentially outwardly 

from the helix diameter and may engage the vessel wall. (See Figure 1 of the drawings) Such 
engagement may injure or even perforate the vessel wall. 

A principal object of this invention is to provide a detachable helical vasoocclusive 
coil in which the member that attaches to the wire is not oriented tangentially to the diameter 

25 of the coil. Accordingly, the coils of this invention are less likely to injure the vessel wall. 
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DISCLOSURE of the invention 

One aspect of the invention is a helical vasoocclusion coil for use with a wire having a 
distal end, said coil having: (a) a proximal end adapted to detachably couple to the distal end 
of the wire; (b) a distal end; (c) a first diameter intermediate (a) and (b); and (d) a second 
diameter smaller than said first diameter at said proximal end whereby said proximal end is 
positioned radially inwardly of said first diameter. 

Another object of the invention is an assembly for use in occluding a vessel or a cavity 
within a vessel comprising: a wire having a distal end that carries a first coupling member; 
and a helical vasoocclusion coil having: (i) a proximal end that carries a second coupling 
member that is detachably coupled to the first coupling member; (ii) a distal end; (iii) a first 
diameter intermediate (i) and (ii); and (iv) a second diameter smaller than said first diameter at 
said proximal end whereby the first coupling member is positioned radially inwardly of said 
first diameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings, which are not to scale: 

Figure 1 is an elevational view of a prior art coil. 

Figure 2 is an elevational end view of one embodiment of the invention. 

Figure 3 is an elevational partial side view of the coil of Figure 2. 

MODES FOR CARRYING OI IT THE INVENTION 
Figures 2 and 3 depict an embodiment, generally designated 10, of the invention coil. 
Embodiment 10 is shown in its relaxed, helical configuration. As described in the art 
discussed in the Background section above, helical vasoocclusive coils are typically made of 
materials that have shape memories and can be deformed into an expanded, essentially linear 
shape for loading and advancement through a catheter to the site to be occluded. Once they 
are deployed from the catheter they assume a relaxed helical configuration, such as shown in 
Figure 3. 
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Coil 10 is composed of a multiplicity of windings 1 1 and has a distal end 12 and a 
proximal end 13. The windings of coil 10 will typically be made of a metal such as platinum, 
gold, rhodium, rhenium, palladium, tungsten and the like or alloys of such metals. These 
metals have significant radiopacity and their alloys may be tailored to provide desired degrees 
5 of stiffness and flexibility. The windings may be made of other suitable biocompatible 

materials such as polymers or composites of metals and polymers. 

While the cross-section of the windings of the coil 10 is circular, windings having 
other cross-sectional shapes, e.g. elliptical, trapezoidal, rhombic, rectangular, and square, may 
be used. Circular cross-sectional windings will typically have a diameter of about 0.01 to 

10 about 0.50 mm. Correspondingly, the diameter of the helix, D (Figure 3), formed by the 

windings will normally be in the range of about 0.2 mm to about 30 mm. For neurovascular 
use the diameter of the helix will typically be in the range of 2.0 to 20 mm. The pitch of the 
windings may be uniform, as shown in Figure 3, or may vary over a portion or the entire 
length of the coil The axial length of the coil will usually be in the range of 0.5 to 1 00 cm, 

15 more usually 2 to 40 cm. The coil will usually have 10 to 75 windings per cm, more usually 

10 to 40 windings per cm. It will be appreciated that the above-described dimensions are not 
critical and that dimensions that are suitable for occluding vascular sites within the human 
body are intended. 

As shown in Figure 3, the windings of the main body 14 of the coil form a helix of 
20 diameter D, whereas the proximal-most and distal-most windings have a diameter d that is 

smaller than D. As a result, the proximal and distal ends 12, 13, respectively, of the coil are 
located radially inwardly of the helix of main body 14 (Figure 2) rather than being located 
tangentially to that helix (Figure 1). Such positioning of the ends make the ends less likely to 
injure the vessel wall. As seen in Figures 2 and 3, the proximal end 13 of the coil has a slotted 
25 member 1 5 that is adapted to detachably couple to a mating member on the distal end of an 

elongated wire (not shown). Alternative mechanical coupling members are shown in U. S. 
Patents Nos. 5,234,437; 5,250,071; 5,261,916; 5,304,195; 5,312,415 and 5,350,397, the 
disclosures of which with respect thereto are incorporated herein by reference. 

While not shown in the drawings, the coil may have fibers attached to it to facilitate 
30 embolization. See U. S. Patents Nos. 5,304,194; 5,476,472 and 5,382,259, the relevant 
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disclosures of which are incorporated herein by reference. Other modifications of the above 
described modes for carrying out the invention that are considered obvious or equivalent by 
those of skill in the medical device art and related arts are intended to be within the scope of 
the following claims. 



4 



WO 98/17183 PCT/US97/19517 



having: 



wire; 



CLAIMS 

1 . A helical vasoocclusion coil for use with a wire having a distal end, said coil 
(a) a proximal end adapted to detachably couple to the distal end of the 



(b) a distal end; 

(c) a first diameter intermediate (a) and (b); and 

(d) a second diameter smaller than said first diameter at said proximal end 
whereby said proximal end is positioned radially inwardly of said first diameter. 

10 2. The coil of claim 1 wherein the second diameter is also at the distal end of the 

coil whereby the distal end of the coil is also positioned radially inwardly of said first 
diameter. 

3. The coil of claim 1 wherein said proximal end has a coupling member that 
detachably interlocks with the distal end of the wire. 
15 4. An assembly for use in occluding a vessel or a cavity within a vessel 

comprising: 

(a) an elongated wire having a distal end that carries a first coupling 

member; and 

(b) a helical vasoocclusion coil having: 

20 (i) a proximal end that carries a second coupling member that is 

detachably coupled to the first coupling member; 

(ii) a distal end; 

(iii) a first diameter intermediate (i) and (ii); and 

(iv) a second diameter smaller than said first diameter at said 

25 proximal end whereby the first coupling member is positioned radially inwardly of said first 

diameter. 

5. The assembly of claim 4 wherein the second diameter is also at the distal end of 
the coil whereby the distal end of the coil is also positioned radially inwardly of said first 
diameter. 



5 



WO 98/17183 



PCT/US97/19517 



1/1 




Fig. 3 



INTERNATIONAL SEARCH REPORT 


International Application No 

PCT/US 97/19517 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61817/12 




According to International Patent Classiflcatlon(IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



Category B 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


OE 32 03 410 A (WALZLAGER NORMTEILE VEB) 


1-3 




25 November 1982 


4,5 


Y 


see figures 7,8 


X 


US 5 261 916 A (ENGELSON) 16 November 1993 


1,3,4 




cited in the application 


4,5 


Y 


see column 2, line 56 - column 3, line 21 


X 


WO 92 21400 A (HARKS) 10 December 1992 


1,4 




see figures 2,3,6 




X 


EP 0 734 697 A (TARGET) 2 October 1996 


1 




see figure 2B 




A 


US 5 250 071 A (PALERMO) 5 October 1993 


1,4 




cited in the application 






see the whole document 






-/-- 





® 



Further documents are listed in the continuation of box C. 



Patent famlfy members are fisted in annex. 



• Special categories of cited documents : 

'A" document defining the general state of the art which Is not 
considered to be of particular relevance 
earlier document but published on or after the international 
fifing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken atone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document Is combined wrth one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of theinternational search 

16 January 1998 


Oate of mailing of the International search report 

23/01/1998 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rfjswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo n», 
Fax: (+31-70)340-3016 


Authorized officer 

Barton, S 



INTERNATIONAL SEARCH REPORT 


International Application No 

PCT/US 97/19517 


C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ' 


Citation ol document, witn indteetlon,where appropriate, ol the relevant passages 


Relevant to dalm No. 


A 

P,X 


WO 92 14408 A (NEUSS) 3 September 1992 

EP 0 747 014 A (TARGET) 11 December 1996 
see figures IB, 3 


l 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Inter national Application No 

PCT/US 97/19517 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



DE 3203410 A 



25-11-82 



US 5261916 A 



16-11-93 



U0 9221400 A 



10-12-92 



EP 734697 A 



02-10-96 



US 5250071 A 



05-10-93 



NONE 



AU 
AU 
CA 
0E 
0E 
EP 
ES 
IL 
JP 
JP 
NO 
WO 



666698 B 
3247993 A 
2125653 A,C 
9218710 U 

616543 
0616543 
2074971 

104021 



T 
A 
T 
A 



2552812 B 



6511174 
942114 
9311825 



US 
AU 
AU 
CA 
EP 
JP 



5217484 A 
665010 B 
2188292 
2110276 
0587782 
6508274 



AU 
CA 
JP 
NO 
US 



5044096 
2173023 
8299454 
961280 
5669931 



AU 
AU 
AU 
AU 
CA 
DE 
DE 
EP 
ES 
FI 
JP 
JP 



669928 B 
4857793 A 

684419 B 
5086996 A 
2119772 A,C 
9320840 U 

617632 
0617632 
2074972 

942276 
2584956 B 
7502674 T 



T 
A 
T 
A 



22- 02-96 
19-07-93 
24-06-93 

23- 02-95 

12- 10-95 
28-09-94 
01-10-95 
18-06-96 

13- 11-96 
15-12-94 
07-06-94 

24- 06-93 



08-06-93 
14-12-95 
08-01-93 
10-12-92 
23-03-94 
22-09-94 



10-10-96 
01-10-96 
19-11-96 
01-10-96 
23-09-97 



27-06-96 
12-04-94 
11-12-97 
11-07-96 
31-03-94 
02-03-95 
30-11-95 
05-10-94 
01-10-95 
16-05-94 
26-02-97 
23-03-95 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Application No 

PCT/US 97/19517 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


members) 


date 


US 5250071 A 




NO 941363 A 


15-04-94 






W0 9406503 A 


31-03-94 


WO 9214408 A 


03-09-92 


0E 4104702 A 


20-08-92 






AT 110551 T 


15-09-94 






CA 2104119 A 


16-08-92 






DE 59200446 D 


06-10-94 






EP 0571422 A 


01-12-93 






JP 6504931 T 


09-06-94 






US 5536274 A 


16-07-96 


EP 747014 A 


11-12-96 


AU 682635 8 


09-10-97 






AU 5583796 A 


09-01-97 






CA 2178375 A 


07-12-96 






JP 9099094 A 


15-04-97 






NO 962336 A 


09-12-96 



